► Conventional clinical criteria for diagnosis of pericarditis is met when patients have ≥2 of the following: chest pain, pericardial rub, ECG changes and new or worsening pericardial effusion. However, patients with recurrent pericarditis (RP) present with chest pain even when they are not having an ongoing recurrence of RP and often do not meet the conventional clinical criteria of pericarditis even when they are having another episode of recurrence.
What does this study add?
► Our study indicates that a quantitative assessment of pericardial inflammation using delayed hyperenhancement (DHE) imaging can be used as an objective marker of ongoing pericardial inflammation in patients with established diagnosis of RP. DHE retains good diagnostic value even in patients with RP who present with chest pain. DHE followed improvement in symptoms and serum maker of pericardial inflammation over time.
How might this impact on clinical practice?
► Our data demonstrate that quantitative DHE can help establish the diagnosis of an ongoing recurrences in patients with history of RP. Furthermore, DHE might be a useful marker of pericardial inflammation even in patients with RP presenting with chest pain and help in titration of treatment.
AbstrAct
Objectives Recurrences of pericarditis (RP) are often difficult to diagnose due to lack of clinical signs and symptoms during subsequent episodes. We aimed to investigate the value of quantitative assessment of pericardial delayed hyperenhancement (DHE) in diagnosing ongoing recurrences of pericarditis.
Methods Quantitative DHE was measured in 200 patients with established diagnosis of RP using cardiac MRI.
Conventional clinical criteria for diagnosis of pericarditis were ≥2 of the following: chest pain, pericardial rub, ECG changes and new or worsening pericardial effusion. Results A total of 67 (34%) patients were identified as having ongoing episode of recurrence at the time of DHE measurements. In multivariable analysis, chest pain (OR: 10.9, p<0.001) and higher DHE (OR: 1.32, p<0.001) were associated with ongoing recurrence of RP. Addition of DHE to conventional clinical criteria significantly increased the ability to diagnose ongoing recurrence (net reclassification improvement (NRI): 0. is critical, as the rate of relapse increases by 50% after the first recurrence, contributing to the high morbidity of RP. [2] [3] [4] Recent guideline documents have suggested using imaging and laboratory markers of inflammation as additional evidence to diagnose pericarditis. 1 5 Indeed, cardiac MRI (CMRI) is increasingly used as a diagnostic tool in a variety of pericardial and myocardial diseases, as it combines excellent anatomic details with tissue characterisation. [5] [6] [7] Furthermore, intense pericardial delayed hyperenhancement (DHE) on CMRI represents objective evidence of pericardial inflammation. 8 9 Consequently, we aimed to investigate the value of quantitative assessment of pericardial DHE to diagnose an ongoing episode of recurrence in patients with established history RP. Furthermore, we hypothesised that quantitative DHE can add incremental value to conventional clinical criteria for diagnosing an ongoing episode of recurrence of RP and help titrate anti-inflammatory therapy.
MetHOds
The data that support the findings of the study are available from the corresponding author on reasonable request. study population and study design In a retrospective study, we identified 252 consecutive patients with established history of RP from 1 January 2007 to 28 February 2016, who underwent a CMRI study, had inflammatory markers (ultrasensitive C reactive protein (us-CRP) or Westergren sedimentation rate (WSR)) drawn and echocardiographic assessment done on their first clinic visit at our pericardial centre. Patients were excluded if they had prior history of pericardiectomy or lacked baseline DHE sequences. A pericardial expert (ALK) adjudicated if a patient was having an ongoing episode of recurrence of RP at the time of first CMR based on expert judgement. Patients were only adjudicated as having an ongoing episode of recurrence if they also required an increased dose or additional anti-inflammatory agent to treat an ongoing recurrence per the pericardial expert. Diagnostic accuracy by clinical findings, laboratory markers and imaging variables were compared. Clinical and demographic data were obtained via manual extraction from electronic medical records.
In a subgroup of RP patients with at least one follow-up CMR within 1 year, we also obtained clinical, laboratory and imaging data at the follow-up visit. The study protocol was approved by the Institutional Review Board with a waiver of the requirement for informed consent and patient data were deidentified.
Cardiac magnetic resonance imaging
All CMR imaging studies were performed using a 1.5 T MRI scanner (Achieva XR, Philips Medical Systems, Best, The Netherlands) using commercially available software, electrocardiographic triggering and dedicated phasedarray receiver coils. [8] [9] [10] [11] The process of quantitative assessment of pericardial DHE has been described previously. 8 Briefly, DHE images were obtained in long-axis and short-axis orientations ≈10 min after the intravenous injection of gadolinium-diethylenetriamine penta-acetic acid using a phase-sensitive inversion recovery (PSIR) technique, with inversion time selected for optimal nulling of the myocardium as has been described in previous studies. 8 9 12 13 For quantitative DHE analysis, a single observer, blinded to clinical data and outcomes, analysed CMR studies offline using commercially available software (CVI 42; Circle Cardiovascular Imaging, Calgary, Canada). Quantitative analysis of pericardial inflammation was performed on short-axis DHE sequences by manually contouring the pericardium as previously reported. 8 13 Normal septal myocardium was then selected as a reference region, and the signal >6 SD above normal myocardium was quantified. 8 13 Qualitative assessment of pericardial DHE was graded as none, mild, moderate or severe by level III expert readers. 13 The interobserver and intraobserver reproducibility of quantitative assessment of pericardial DHE was excellent and has been reported previously. 8 echocardiography All patients had a comprehensive echocardiographic examination according to established guidelines. 5 14 The presence of pericardial effusion was assessed by two-dimensional echocardiography according to guidelines and semiquantitatively described on the basis of the size of the echo-free space at end-diastole. 5 statistical analysis Continuous data are expressed as mean±SD when normally distributed, or median (IQR) if otherwise. Categorical data are presented as absolute numbers and percentages. The diagnostic value of DHE was compared with clinical, and laboratory markers of pericarditis using logistic regression analysis. In the multivariable model, we included relevant parameters based on previous reports and clinical experience including clinical markers (chest pain, pericardial rub, ECG change and increased effusion), us-CRP, WSR, quantitative DHE, qualitative DHE and pericardial thickness using forward stepwise selection. The optimal receiver operating characteristic (ROC) curve cut-off value for detecting an ongoing recurrence was chosen as the value maximising sensitivity plus specificity. Incremental diagnostic value was defined as the presence of a statistically significant net reclassification improvement (NRI) and integrated discrimination improvement (IDI). Among patients with chest pain, we performed a classification and regression tree analysis to identify the optimal diagnostic modality to differentiate patients presenting with an ongoing recurrence of RP. The results were represented as a binary decision tree.
Longitudinal data analysis of DHE and us-CRP was performed in a subgroup of patients with at least one follow-up CMR using a mixed effect model. To assess the differences in the changes of DHE and us-CRP over time, 
Results

Patient characteristics
Of the 252 RP patients with CMR assessment, 48 patients were excluded because of absence of baseline DHE sequence or inadequate image quality and four patients due to previous history of pericardiectomy. Finally, 200 patients with established history of RP met the inclusion criteria for our study (figure 1). The median time from initial diagnosis of pericarditis to undergoing initial CMR was 15 (IQR 6-116) months. A total of 150 (75%) patients with RP presented with chest pain at the time of initial CMR and 183 (92%) were already on anti-inflammatory therapy at the time of initial CMR. Table 1 demonstrates baseline demographics and clinical characteristics of all patients with RP at the time of initial CMR. At the time of initial CMR, a total of 67 patients were adjudicated as having an ongoing episode of recurrence of RP by the pericardial disease expert of which, 47 (70%) required addition of a new anti-inflammatory agent and 20 (30%) had their medication dose increased. Of the 67 patients with ongoing recurrence of RP, 63 (95%) (table 3) . Even in this subgroup of symptomatic patients with RP, quantitative DHE retained an acceptable test characteristic to diagnose an ongoing recurrence of RP with a sensitivity of 70% and specificity of 74% (PPV: 67%, NPV: 77%). Similarly, quantitative DHE demonstrated an incremental value over conventional clinical criteria of pericarditis to diagnose an ongoing recurrence of RP with a significant increase in AUC (ΔAUC: +0.11, p=0.001; figure 3), NRI (0.76 (95% CI 0.46 to 1.06), p<0.001) and IDI (0.13 (95% CI 0.07 to 0.19), p<0.001).
CMRI-guided treatment of RP
A total of 115 patients with RP had follow-up CMRs within 1 year of undergoing the initial CMR. The median time for follow-up CMRI was 147 days (IQR 118-211). At the time of second CMR, the total number of patients complaining of chest pain decreased to 51 (44 %) when compared with 89 (78 %) during the initial CMRI (p<0.001). Longitudinal data analysis revealed that in this subgroup of RP patients with follow-up data, overall DHE significantly improved over time (DHE decrease per 6 months = −9 cm 3 , p=0.013, figure 4) . Similarly, overall serum us-CRP levels also improved over time (us-CRP −16.6 mg/L at first 6 months, p=0.031). Figure 5A , B shows DHE images of a 47-year-old female patient with RP who presented with chest pain, did not meet conventional clinical criteria of pericarditis and had minimal pericardial DHE (quantitative DHE=2 cm 3 ) at the time of initial CMR. This patient did not present with an ongoing episode of recurrence at the time of initial CMRI per the pericardial expert and DHE values improved in a subgroup of patients with follow-up CMRI along with improvement in us-CRP levels and symptoms over time.
diagnostic utility of dH imaging in RP RP is diagnosed when pericarditis recurs after a symptom free period of at least 4 weeks. 1 However, conventional clinical findings for diagnosing pericarditis are often not observed in subsequent episodes of recurrence of RP leading to inadequate therapy. 15 16 Not surprisingly, almost half of the patients adjudicated as having an ongoing recurrence by the pericardial expert in our study, did not demonstrate a minimum of two clinical findings of pericarditis at presentation and hence did not meet the conventional clinical criteria to diagnose a recurrence of RP. Previous reports have also documented, that in most recurrences, pericardial chest pain is the only presenting clinical finding. 15 17 18 Hence, our results were in line with prior reports. In addition, we also demonstrate that adding quantitative DHE to the conventional clinical criteria of pericarditis can improve our ability to diagnose an ongoing episode of recurrence and hence differentiate patients who necessitate intensification of anti-inflammatory medications. Among patients with pericarditis, DHE can inform the presence and severity of pericardial inflammation. 19 Indeed, patients with RP who have higher DHE at presentation have more active pericarditis and hence demonstrate a higher subsequent recurrence rate. 8 The results of our study show that DHE imaging might help in diagnosing and treating ongoing recurrences of pericarditis in patients with established history of RP. Interestingly, we found that laboratory markers of inflammation were not independently associated with ongoing recurrences. Most patients in our study were already on anti-inflammatory medications for a considerable period when undergoing the initial CMR. us-CRP is a sensitive marker of inflammation with a short half time, which normalises sooner after initiation of anti-inflammatory medications. Therefore, among patients with RP, who present with recurrences despite being on anti-inflammatory therapy, DHE might be a better marker of disease activity than laboratory markers of inflammation such as us-CRP. 8 A previous report has demonstrated that higher baseline DHE is associated with a longer clinical course and hence could be used as a prognostic tool in patients with RP. 8 In the current study, we show for the first time that DHE can be used to identify patients presenting with an ongoing episode of recurrence and titrate anti-inflammatory medications. Furthermore, quantitative assessment of pericardial DHE could be used to provide objective evidence of ongoing pericardial inflammation and add to the diagnostic value of conventional clinical markers of pericarditis in a large cohort of patients with RP presenting with chest pain. Of note, qualitative DHE reads and laboratory markers of inflammation (us-CRP and WSR) were not found to be independently associated to recurrence of RP in our study.
the paradigm of dHe imaging in pericarditis Among patients with pericardial diseases, CMRI can be used to assess haemodynamics, measure pericardial thickness and characterise pericardial oedema and inflammation. 5 All PSIR DHE images are acquired during diastole when the heart is relatively still and hence the assessment of quantitative DHE is highly reliable and has low observer variability. 8 11 Importantly, a normal pericardium is relatively avascular and does not enhance. 8 19 However, repeated inflammation of the pericardium as seen in patients with multiple recurrences of pericarditis leads to neovascularisation and uptake of gadolinium-based contrast agents. 9 19 Such patients when presenting with recurrent disease show intense DHE suggests the need for intensification of anti-inflammatory therapy.
Conversely, RP patients without significant DHE are more likely to have organised fibrous pericarditis characterised by pericardial fibrosis and calcification. 9 Of note, patients with constrictive pericarditis who have increased DHE at presentation usually show improvement after a trial of anti-inflammatory therapy. 13 20 However, among patients with RP, symptomatic improvement is often followed by improvement in quantitative DHE levels as evidenced in our study. Whether a DHE-guided approach will lead to overall improvement in outcomes among patients with RP will require further investigation. study limitations Our study is limited by its retrospective nature. The gold standard for adjudication of ongoing reccurences in our study was based on the clinical judegment of an experienced pericardial expert which could be subjective. The pericardial expert was not blinded to CMRI and echocardiography at patient presentation; however, he had no access to quantitative DHE measurements that were done offline at a later time. To the best of our knowledge, we report the largest cohort of patients with RP who underwent CMR, yet the number of patients is relatively small and comes from a tertiary referral pericardial centre and hence might suffer from selection bias. Furthermore, it is possible that only patients with more advanced disease underwent follow-up CMR, and hence, the overall improvement in symptoms and DHE might be more than that demonstrated in the present study. Indeed, as RP is associated with low mortality rates but has high morbidity, future studies assessing the interval changes of DHE in response to treatment, combined with quality of life matrices are required.
COnClusIOn
In patients with established diagnosis of RP, quantitative assessment of pericardial inflammation using DHE imaging can help identify patients presenting with an ongoing episode of recurrence of RP. Quantitative DHE assessment was independently associated to ongoing recurrence and added incremental value to conventional clinical criteria of pericarditis. Quantitative DHE Heart failure and cardiomyopathies demonstrated acceptable test characteristics to diagnose ongoing recurrence of RP even in patients presenting with chest pain. Among a subgroup of RP patients with follow-up CMR, a DHE improvement followed improvement in laboratory markers of pericardial inflammation and symptoms.
